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Description 

METHOD AND APPARATUS FOR 
MEASURING PERFORMANCE OF A LAMP 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and an appara- 
tus for testing a lamp, and more specifically, to a method 
and an apparatus for measuring the performance of a 
lamp. 

[0003] 2. Description of the Prior Art 

[0004] Digital projector (e.g. LCD digital projector or DLP digital 
projector), like a typical projector or a slide projector, 
uses a high brightness lamp to project images onto a 
screen. Digital projector includes optical devices to con- 
trol the projection, and each of them would influence the 
quality of the projection. The lamp is the most influential 
because it is a light source for forming an image. A lamp 
with bad performance (e.g. brightness and uniformity) 



may cause bad quality of image projection. 

[0005] As known by the industry, the lamp is composed of a 
burner and a reflector, and the relative position of the 
burner and the reflector affects the brightness and unifor- 
mity of the lamp. Generally, the lamp is tested by using an 
integrating sphere to calculate the light flux of the lamp. 
The larger the light flux is, the brighter the lamp is and 
the better the performance is. However, two lamps having 
the same light flux may lead to different image quality 
when respectively used in the same digital projector. Be- 
cause when the lamp is installed in the digital projector, 
the light generated by the lamp outputs through an aper- 
ture, and only the light passing through the aperture con- 
tributes to the image formation. As it is mentioned above, 
the integrating sphere calculates the light flux of the 
lamp, but the projector utilizes only a portion of the light 
generated by the lamp. In other words, even if the two 
lamps have the same light flux calculated by the inte- 
grated sphere, each brightness and uniformity may be 
different, so that the digital projector using the lamps may 
project images in different quality. 

[0006] For the manufacturer of lamp, lamp testing is mainly 
measuring lamp brightness by using the integrated 



sphere, which does not provide a reliable means to mea- 
sure the real performance of the lamp. No other charac- 
teristics can be provided to adjust the relative position of 
the burner and the reflector of the lamp for a better and a 
uniform performance. In addition, the manufacturer of the 
digital projector can only require the manufacturer of the 
lamp for lamps with predetermined light flux. When test- 
ing the digital projector, a tester measures the brightness 
and uniformity of image projection only by the naked eye 
without an objective measurement to rank the brightness 
and uniformity of the lamp, so that reliable measured val- 
ues cannot be obtained to select the lamps, and the quali- 
ties of the digital projectors will be all different due to the 

unstable qualities of the lamps. 
Summary of Invention 

[0007] It is therefore one of the objectives of the present inven- 
tion to provide a method and an apparatus for measuring 
performance of a lamp to solve the problems mentioned 
above. 

[0008] Briefly summarized, a light source testing system includes 
a light source for generating a light to form an image, an 
image capturing apparatus for capturing an image occu- 
pying a plurality of pixels of the image capturing appara- 



tus, and an image processing apparatus for calculating a 
plurality of gray levels of the plurality of pixels and calcu- 
lating a characteristic parameter of the light source ac- 
cording to the plurality of gray levels. 

[0009] The present invention further provides a light source test- 
ing method including (a) providing a light source for 
forming an image, (b) using an image capturing apparatus 
for capturing an image occupying a plurality of pixels of 
the image capturing apparatus, and (c) using an image 
processing apparatus for calculating a plurality of gray 
levels of the plurality of pixels and calculating a charac- 
teristic parameter according to the plurality of gray levels. 

[0010] The present invention provides a method to capture an 

image generated by a lamp through an aperture, and pro- 
cess the image by an image processing program to calcu- 
late a first parameter representing hot spot deviation, a 
second parameter representing light concentration, a third 
parameter representing image ring deviation from an ideal 
circle, and a fourth parameter representing an average 
gray level of the image, and then measure the perfor- 
mance of the lamp by the first, second, third and fourth 
parameters. 

[0011] These and other objectives of the present invention will no 



doubt become obvious to those of ordinary sicill in tlie art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0012] Fig.l illustrates a lamp testing system according to the 
present invention. 

[0013] Fig. 2 is a flowchart of the method for measuring perfor- 
mance of the lamp according to the present invention. 

[0014] Fig. 3 illustrates an image captured by the image capturing 
apparatus installed with lamp A according to the present 
invention. 

[0015] Fig. 4 illustrates an image captured by the image capturing 
apparatus installed with lamp B according to the present 
invention. 

[0016] Fig. 5 illustrates the distribution of the gray level of the 

image in Fig. 3 and Fig. 4. 
Detailed Description 

[0017] Please refer to Fig.l showing a lamp testing system 10 ac- 
cording to the present invention. The lamp testing system 
10 includes a lamp clamping apparatus 12, a shading 
plate 14, an image forming lens 16, a screen 18, an image 



capturing apparatus 20 (e.g. a CCD photosensor or a 
CMOS photosensor), and an image processing apparatus 
21 (e.g. a computer system). The lamp clamping appara- 
tus 12 includes a fixing recess 22 for fixing a lamp 24 to 
be measured. The lamp 24 includes a burner 26 and a re- 
flector 28. The lamp clamping apparatus 12 includes an 
aperture 30 in any kind of shape (e.g. 6.3mm*3.9mm 
rectangle) for simulating an aperture in a digital projector. 
When providing a stable power to the lamp 24, the light 
generated by the lamp 24 will output through the aperture 
30. The aperture 30 can also be filled with a transparent 
element (e.g. a piece of transparent glass, not shown in 
the figure) to filter the light from the lamp 24. When test- 
ing the lamp 24, in order to prevent unnecessary light in- 
terference, the shading plate 14 with a hole 32 is used to 
shade unnecessary light from the environment, and an 
image is projected onto the screen 18 in the same shape 
as the aperture 30 through the image forming lens 16. 
The present embodiment uses a semitransparent material 
for the screen 18, such as an acrylic plate grinded by a 
sand paper. Since the screen is semitransparent, the light 
output by the image forming lens 16 can form an image 
on the screen 18, that is, the present embodiment uses 



the image forming lens 16 and tlie screen 18 as an image 
forming apparatus to project tlie liglit generated by the 
lamp 24 onto the screen 18. In addition, the image cap- 
turing apparatus 20 behind the screen 18 captures the 
image on the screen 18 by a plurality of pixels the image 
occupying and the image processing apparatus 21 calcu- 
lates the gray levels of the pixels for generating corre- 
sponding image data. The reason to put the image cap- 
turing apparatus 20 behind the screen 18 instead of on a 
side of the screen 18 is because the captured images will 
not distort. The image processing apparatus 21 can exe- 
cute an image processing program to process the image 
data. 

[0018] The image capturing apparatus 20 converts light flux into 
inducing voltage. If the incident light of the image captur- 
ing apparatus 20 is too bright, the image capturing appa- 
ratus 20 will make each pixel correspond to a saturated 
inducing voltage, that is, each pixel corresponds to a 
maximum gray level (e.g. 255). In other words, the image 
processing apparatus 21 cannot distinguish brightness 
differences between pixels. Therefore, the present em- 
bodiment uses the semitransparent screen 18 and a filter 
34 to reduce the intensity of the light incident on the im- 



age capturing apparatus 20 from the lamp 24. For in- 
stance, the semitransparent screen 18 reduces the inten- 
sity of the incident light to 50%, and the filter 34 (e.g. a 
conventional neutral density filter) further reduces the in- 
tensity to 10%. If the brightness of the lamp 24 is 
lOOOOnit, the light generated by the lamp 24 becomes 
SOOOnit after passing through the screen 18, further be- 
comes SOOnit after passing through the filter 34. Such ar- 
rangement can limit the gray level of each pixel in a pre- 
determined range (e.g. 0-255), so that the image pro- 
cessing apparatus 21 can distinguish light differences be- 
tween the pixels. 

[0019] Additionally, the present embodiment can also adjust the 
intensity of the incident light by setting up the gain of the 
image capturing apparatus 20. For instance, the image 
capturing apparatus 20 receives a ray and convert the 
light flux of the ray into an inducing voltage, and an ana- 
log-to-digital converter converts the inducing voltage into 
a corresponding gray level. 

[0020] If the screen 18 and the filter 34 do not have a good per- 
formance on reducing light intensity, the inducing voltage 
will exceed an upper limit of the inducing voltage of the 
image capturing apparatus 20. So that when the inducing 



voltage exceeds the upper limit, the image capturing ap- 
paratus 20 will convert the inducing voltage into the max- 
imum gray level (e.g. 255). Therefore, if the image captur- 
ing apparatus 20 receives a first light flux and a second 
light flux both exceeding the upper limit in sequence, the 
image capturing apparatus 20 will output the maximum 
gray level so that the first light flux and the second light 
flux cannot be distinguished. In this case, the present em- 
bodiment adjusts the gain of an amplifier to calibrate the 
original inducing voltage, that is, to reduce the original 
inducing voltage in a predetermined proportion to sup- 
plement the reduction by the screen 18 and the filter 34 
in order to keep the adjusted inducing voltage in the 
range mentioned above. In other words, when the first 
light flux and the second light flux are reduced in the 
range of inducing voltage, the image capturing apparatus 
20 can output a corresponding gray level (0-255 in this 
embodiment) to distinguish the first light flux and the 
second light flux. 
[0021] On the contrary, if the screen 18 and the filter 34 over- 
reduce the intensity, the inducing voltage will be lower 
than a lower limit of the inducing voltage of the image 
capturing apparatus 20. So that when the inducing voltage 



is lower than the lower limit, the image capturing appara- 
tus 20 will convert the inducing voltage into the minimum 
gray level 0. Therefore, if the image capturing apparatus 
20 receives a first light flux and a second light flux which 
are both lower than the lower limit in sequence, the image 
capturing apparatus 20 will output the minimum gray 
level so that the first light flux and the second light flux 
cannot be distinguished. In this case, the present embodi- 
ment adjusts the gain of the amplifier to calibrate the 
original inducing voltage, that is, to increase the original 
inducing voltage in a predetermined proportion to sup- 
plement the reduction by the screen 18 and the filter 34 
in order to keep the adjusted inducing voltage in the 
range mentioned above. In other words, when the first 
light flux and the second light flux are increased in the 
range of inducing voltage, the image capturing apparatus 
20 can output a corresponding gray level (0-255 in this 
embodiment) to distinguish the first light flux and the 
second light flux. As a result, the present embodiment 
keeps the light captured by the image capturing apparatus 
20 in a range possible to be captured by the image cap- 
turing apparatus 20, by the transparent screen 18 and the 
filter 34 installed on the image capturing apparatus 20, 



and by setting up the gain of tlie image capturing appara- 
tus 20. 

[0022] Please refer to Fig. 2. Fig. 2 sliows a flowchart of the 

method for measuring performance of the lamp according 
to the present invention. The present embodiment ana- 
lyzes the performance of the lamp 24 (brightness and 
uniformity) by processing images captured by the image 
capturing apparatus 20, which is described as follows: 

[0023] steplOO: Calculate the deviation of a hot spot of the im- 
age; 

[0024] stepl02: Calculate a product of an area and a difference 
between the predetermined gray level and the maximum 
gray level; wherein the area is within a ring having gray 
levels larger than a predetermined gray level; 

[0025] Stepl04: Calculate the deviation of the above ring from a 
circle; 

[0026] Stepl06: Calculate an average gray level of the image; and 

[0027] steplOS: Calculate a characteristic parameter of the lamp. 

[0028] The steps mentioned above are described as follows. As- 
sume that the lamp testing system 10 in Fig.l is used for 
testing an ideal lamp A and a typical lamp B. Please refer 
to Fig. 3 showing an image 40 captured by the image cap- 



turing apparatus 20 installed with lamp A, and Fig. 4 
showing an image 50 captured by the image capturing 
apparatus 20 installed with lamp B. In Fig. 3, a ring 41 is 
the hot spot of lamp A, which is the brightest part near 
the center of lamp A. A ring 42 is the maximum bright- 
ness area of the lamp A, which is composed of neighbor- 
ing pixels with the same predetermined gray level G. Sim- 
ilarly in Fig. 4, a ring 51 is the hot spot of lamp B, which is 
the brightest part near the center of lamp B. A ring 52 is 
the maximum brightness area of the lamp B, which is 
composed of neighboring pixels with the same predeter- 
mined gray level G. Rings 43 and 53 are composed of pix- 
els in different brightness. The images 40 and 50 are 
generated respectively by lamp A and lamp B and cap- 
tured by the same image capturing apparatus 20.The 
shape of image on the screen 18 is related to the aperture 
30. In this embodiment, the aperture 30 is rectangular. 
When the lamp 24 is clamped by the lamp clamping appa- 
ratus 12, the position of the burner 26 corresponds to the 
position of the aperture 30, so that in Fig. 3 and Fig. 4, the 
intersection point of axis X and axis Y corresponds to the 
center of the aperture 30. In other words, the intersection 
point of axis X and axis Y is the center b and b' of the im- 



age 40 and 50. 

[0029] The image processing program analyzes tlie gray level of 
each pixel in the image 40 and the image 50, and finds 
pixels having the maximum gray level to determine the 
center of the light source, and finds pixels having the 
same predetermined gray level G to determine a maxi- 
mum brightness area(SteplOO). In this case, the hot spot 
is brightest part near the center of the image. The maxi- 
mum brightness area is formed by neighboring pixels 
having the same predetermined gray level G. The center of 
the light source c is generally the center of the hot spot as 
well as the center of the maximum brightness area. 

[0030] In case of lamp A, since lamp A is an ideal lamp, the cen- 
ter of the light source c is very close to the intersection 
point of axis X and axis Y, which is the center of the im- 
age b. 

[0031] As shown in Fig. 4, the center b' of the image 50 is at a 
distance of Dl from the edge of the image, the center of 
the light source c' deviates from the center of the image b' 
for a distance D2, and D2/D1 represents the deviation of 
the hot spot. Please notice that when the screen 18 is 
moved toward or backward the image forming lens 16, 
the image 50 on the screen 18 will change in size. How- 



ever, even if the image 50 clianges in size, the gray level 
of each pixel substantially will not change so that the po- 
sition of the hot spot will not change, either. In other 
words, when the screen 18 is moved from the image 
forming lens 16, the image 50 will be enlarged propor- 
tionally. That is, D2 will be longer-ed proportionally as 
well. Similarly, a predetermined length (e.g. Dl) in the im- 
age 50 will be longer-ed in the same proportion, too. 
Therefore, however the size of the image 50 changes, 
D2/D1 will not change as well, so that the present em- 
bodiment calculates a center deviation (i.e. D2/D1) for a 
first parameter representing the deviation of the hot spot. 
[0032] In addition, a second parameter representing the bright- 
ness and uniformity of the lamp can be set up by calculat- 
ing the area of the maximum brightness area and the gray 
level difference of the maximum brightness area. As 
shown in Fig. 3 and Fig. 4, the area Q surrounded by the 
ring 42 is smaller than the area Q' surrounded by the ring 
52. Since the ring 42 is the maximum brightness area of 
lamp A, and the ring 52 is the maximum brightness area 
of lamp B, lamp B is brighter because it forms a larger 
area on the screen 18. However, besides the previously 
mentioned area, the distribution of the gray level should 



be considered too. 
[0033] Please refer to Fig. 5 sliowing tlie distribution of the gray 
level of the image in Fig. 3 and Fig. 4. The horizontal axis 
represents the position of the image 40, 50, and the verti- 
cal axis represents the gray level of the pixels in different 
position. As shown in Fig. 5, a characteristic curve 45 rep- 
resents the gray level of the pixels in different position on 
the X-axis in Fig. 3, and a characteristic curve 55 repre- 
sents the gray level of the pixels in different position on 
the X-axis in Fig. 4. As shown by the characteristic curves 
44, 45, pixels having gray level over a predetermined 
value G lie between xl-x2 on the X-axis in Fig. 3, pixels 
having gray level over a predetermined value G lie be- 
tween x3-x4 on the X-axis in Fig. 4, and x3-x4 is larger 
than xl-x2. As shown in the figure mentioned above, the 
area Q' of the maximum brightness area of lamp B is 
larger than the area Q of the maximum brightness area of 
lamp A. 

[0034] The maximum gray level GXl formed by lamp A in the im- 
age 40 is larger than the maximum gray level GX2 formed 
by lamp A in the image 50, thus the gray level difference 
ha=GXl-G of the maximum brightness area of lamp A is 
larger than the gray level difference hb=GX2-G of the 



maximum brightness area of lamp B. Therefore, simply 
comparing the characteristic curves 45, 55, lamp A forms 
a denser gray level distribution in image 40. 

[0035] In summary, the present embodiment uses the predeter- 
mined gray level G to calculate the area Q of the pixels 
having gray levels over the predetermined gray level G, as 
well as the gray level difference h of the maximum gray 
level and the predetermined gray level in the area, and 
then calculate the product V of the area Q and the gray 
level difference h, in order to represent light concentra- 
tion on the screen 18 (Stepl02). In other words, the 
present embodiment utilizes the second parameter 
(V=Q*h) to represent light concentration. Please notice 
that since the characteristics of lamp A and lamp B do not 
change, the gray level for calculating the area of the im- 
age is adjustable. For instance, another gray level G' can 
be used to calculate the area and the gray level difference. 

[0036] As mentioned above, the relative position of the burner 26 
and the reflector 28 has an influence on the characteristic 
of the lamp 24. In general, the less the deviation from a 
circle of the ring formed by the pixels having the same 
gray level is, the more uniform the gray levels of the pix- 
els are, that is, the better the performance of the lamp 24 



is. Therefore, the present invention calculates a third pa- 
rameter representing the deviation of the ring from an 
ideal circle (Stepl04), in order to check the characteristics 
of the lamp 24. 

[0037] Since the present embodiment uses the predetermined 
gray level G to calculate light concentration of the image 
40 and 50, the present embodiment calculates a plurality 
of rectangles each with four sides tangent with the rings 
42 and 52 to check how the rings 42 and 52 deviate from 
a circle. In case of the ring 42 in Fig. 3, a rectangle 44 is 
LI in length on X-axis and Wl in width on Y-axis. The 
closer to a circle the ring 42 is, the closer LI and Wl are, 
that is, the closer to 1 the ratio Rl= X/Y of the shorter 
side X and the longer side Y of the rectangle 44, i.e. 
min(Ll, Wl)/max(Ll, Wl) is. However, in case of the ring 
52 in Fig. 4, a rectangle 54 is L2 in length on X-axis and 
W2 in width on Y-axis. Although the ratio of sides Rl is 
close to 1, the rectangle 54 is not the minimum rectangle 
surrounding the ring 52 in size, and the ring 52 is not a 
circle, either. Therefore, the present invention uses a ratio 
of areas R2=Q/(L*W) to check how the ring 42, 52 devi- 
ates from a circle, wherein Q is the area Q, Q' of the maxi- 
mum brightness area of the ring 42, 52, and L*W is the 



area of the rectangle surrounding the ring 42, 52. In case 
of the ring 42 in Fig. 3, the ratio of areas R2=Q1/(L1*W1) 
is close to 1, so that the ring 42 is close to a circle. On the 
contrary, in case of the ring 52 in Fig. 4, since the ratio of 
areas R2=Q2/(L2*W2) is far less than 1, the ring 52 is far 
from a circle, even if its ratio of sides Rl is close to 1. 
Therefore, the present invention calculate an image shape 
corresponding value S for a third parameter 
(S=Rl*R2=[min(L, W)/max(L, W)]*[Q/(L*W)] to measure the 
deviation of the ring from a circle. Since the rectangle 54 
is not the smallest one of the possible rectangles sur- 
rounding the ring 52, its ratio of sides R1=L2/W2 is un- 
able to precisely indicate the deviation of the ring from a 
circle. Thus, among the possible rectangles with four 
sides in contact with the ring 52, only the smallest one 56 
should be utilized (as shown in Fig. 4) for determining the 
third parameter by referring to the ratio of a shorter side 
W3 and a longer side L3 of the rectangle 56, i.e. min(L3, 
W3)/max(L3, W3). Apparently, when the ring 52 deviates 
from a circle to be an oval, the rectangle 56 deviates ac- 
cordingly from a square to a flat rectangle. In other words, 
the ratio of W3 and L3and the third parameter are far less 
than 1. In such a manner the deviation of the ring from a 



circle can be measured. 
[0038] In addition, the present embodiment calculates a fourth 

parameter I to represent the light intensity of the lamp 24, 
which is obtained by calculating the average of a plurality 
of gray level, that is, the fourth parameter I is the average 
gray level of the image on the screen 18 (Stepl06). The 
present embodiment uses the semitransparent screen 18 
and the filter 34 installed on the image capturing appara- 
tus 20 to reduce the light intensity of the lamp 24 in a 
predetermined proportion, and the gain of the image cap- 
turing apparatus 20 is fixed. Thus, the larger the light in- 
tensity of the lamp 24 is, the brighter the image on the 
screen 18 is, and the larger the gray level of the pixels of 
the image is. On the contrary, the smaller the light inten- 
sity of the lamp 24 is, the darker the image on the screen 
18 is, and the smaller the gray level of the pixels of the 
image is. Therefore, the present embodiment calculates a 
fourth parameter I which is the average gray level of the 
image, to represent the light intensity of the lamp 24 
(Step 106). Besides, calculating the average light intensity 
calculated by the conventional integrating sphere to be 
the fourth parameter also belongs to the range of the 
present invention. 



[0039] At last, calculate the characteristic parameter of the lamp 
24 by the first parameter D2/D1, the second parameter V, 
the third parameter S and the fourth parameter I 
(SteplOS). The smaller D2 is, the closer to an ideal posi- 
tion the hot spot is, and the more concentrating the light 
from the lamp 24 is. In other words, the closer to 1 the 
value of 1-D2/1 is, the more concentrating the light from 
the lamp 24 is. And the closer to 1 the third parameter S 
is, the more uniformly the light from the lamp 24 dis- 
tributes. Therefore, the uniformity of the lamp 24 relates 
to the first parameter D2/D1 and the third parameter S. 
Besides, the larger the second parameter V is, the brighter 
the light from the lamp 24 is. And the larger the fourth 
parameter I is, the brighter the image on the screen 18 is, 
and the brighter the lamp 24 is. In other words, the 
brightness of the lamp 24 relates to the second parameter 
V and the fourth parameter I. 

[0040] In summary, the characteristic parameter can be repre- 
sented by a value P as follows: 

[0041] p=(i-D2/Dl)*V*S*l; 

[0042] v=Q*h; 
[0043] s=Rl*R2; 



[0044] Ri=[min(L, W)/max(L, W)]; 
[0045] R2 = [Q/(L*W)] 

[0046] The smaller the first parameter (1-D2/D1) is, the larger 
the characteristic parameter P is, and the more uniform 
the light from the lamp is. The larger the second parame- 
ter V=Q*/h is, the larger the characteristic parameter P is, 
and the brighter the light from the lamp is. The closer to 1 
the third parameter S is, the larger the characteristic pa- 
rameter P is, and the more uniform the light from the 
lamp is. And the larger the fourth parameter I is, the 
larger the characteristic parameter P is, and the brighter 
the light from the lamp is. Thus, a larger characteristic 
parameter P represents a better performance. Therefore 
when manufacturing the lamp 24, the lamp testing system 
10 can be applied in the testing process, and the relating 
position of the burner 26 and the reflector 28 can be ad- 
justed for a better characteristic parameter. 

[0047] For instance, when the lamp 24 projects the image 50 as 
in Fig. 4 on the screen 18, the deviation of the hot spot 
can be known by calculating the first parameter, so that 
the relating position of the burner 26 and the reflector 28 
can be adjusted in order to have the lamp 24 project the 



image 40 as in Fig. 3 after calibration. Similarly, a tester 
can further adjust the relating position of the burner 26 
and the reflector 28 according to the other parameters. 
Moreover, since two lamps with the same light flux do not 
necessarily have the same characteristics as it is men- 
tioned above, e.g. one of the lamps may project the image 
40 in Fig. 3 while the other may project the image 50 in 
Fig. 4. The manufacturer of the digital projector can test 
the lamps by the lamp testing system 10 and classify the 
lamps according to the characteristic parameters mea- 
sured, in order to install the lamps to proper digital pro- 
jectors. 

[0048] In addition, after testing and classification on the lamps 
24, the brightness and uniformity of the lamps 24 can be 
known, so that the lamps 24 can be installed in different 
lamp sockets according to their characteristics. For in- 
stance, in Fig. 4 the image 50 deviates up per- leftwards, so 
that the lamp 24 in Fig. 4 can be installed in a lamp socket 
tends lower-rightwards for a better performance. Thus 
the hot spot of the lamp 24 can be adjusted to a proper 
position by the lamp socket so that the lamp 24 can 
project the image 40 as in Fig. 3. In summary, the lamp 
testing system 10 provides a means for measuring the 



characteristics of tlie lamp 24, and the first, the second, 
the third and the fourth parameter calculated by the im- 
age processing program is for rating the characteristics of 
the lamp 24 to provide meaningful values to the tester. 
[0049] Please notice that although the first, the second, the third 
and the fourth parameter are calculated in sequence as 
shown in Steps 100-106 in Fig. 2, the sequence of the 
present invention is not limited to that. The sequence of 
Step 100-106 can be adjusted, and the user can also cal- 
culate any single parameter to check the performance of 
the lamp 24. In this case, the predetermined gray level G 
of the first, the second, the third and the fourth parameter 
calculated is not necessary the same. The user can use a 
first predetermined gray level Gl to define a first light 
source testing area in order to calculate the first parame- 
ter D2/D1. The user can also use a second predetermined 
gray level G2 to define a second light source testing area 
in order to calculate the second parameter V. The user can 
use a third predetermined gray level G3 to define a third 
light source testing area in order to calculate the third pa- 
rameter S. 

[0050] In contrast to the prior art, the lamp testing system uses 
the aperture to simulate the aperture in the digital projec- 



tor. When the lamp is turned on and it projects the image 
onto the screen, the image capturing apparatus captures 
the image, and then the image processing program pro- 
cesses the image to calculate the first parameter repre- 
senting the deviation of the hot spot, the second parame- 
ter representing the light concentration, the third parame- 
ter representing the deviation of the ring from a circle, 
and the fourth parameter representing the average gray 
level. Thus, the performance of the lamp can be rated by 
the first, the second, the third and the fourth parameters, 
so that the relative position of the burner and the reflector 
can be adjusted according to the performance. 
[0051] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and the 
method may be made while retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 



